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The present study was designed to test how well the 
measures of the cognitive constructs of M-space, cognitive style, and 
short-term storage space (STSS) could predict the amount of practice 
needed to induce successful problem solving behaviors, the ability to 
transfer behaviors to different contexts, and the readiness to 
abandon unsuccessful behaviors. Thirty-four non-science majors 
enrolled in a physical science course participated in the study. 
Those 23 students who did not use formal reasoning schemes to solve 
ratio problems on a pretest took part in the training phase designed 
to help them to induce the ratio scheme. The training consisted of 
balance beam and probability problems at five levels of difficulty 
corresponding to five levels of development of the ratio scheme. Most 
of the students induced strategies that permitted them to solve 
problems at the' formal level during the training phase. The STSS 
could be a predictor for various aspects in the development of 
complex problem solving strategies. Factor analysis showed the 
Figural Intersection Test and the Group Embedded Figures Test as one 
factor and the Ratio Span and the Backward-digit Span Test as another 
factor. Some implications for science education research were 
discussed. (YP) 
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Fac*ora in lase DevelcgsBatxt of Bessomng in Otej Vrdbbm OcsAeOs 
Hie tern "mo~Piagefcian" xefesrs to mafem (fevelcpoental thaotrlfis linking 
advances in theories of hunan infoaation proossslng aid Piaget's stage 
theory. Within soda, theories s^xsrate but relate theoretical cesistnscts have 
been prqposed by E^iscual-Leone (1970) and Case (1985) . 

Eascual-Ificne prcpceed a develcsasntal ccnstruct, H, ^Mdi is neasured bv 
the rtaxhssm rainiser of discxete dnaiks of inf orjation an iwiividual can attend 
to at any cm time, Bus ocaistruct, oftoi referred to as tt-^paoe or M- 
capacity, has beoi shown to correlate significantly with develcpnental tasks 
in various dcoains (Bascual-Ieone, 1970; Ralos, Stage, £ I&rplus, 1982; 
K^us, Pulos, & stage, 1983; ds Ribffia5)ierre & Eascual-Leooe, 1979), 
However, M-^aoa does not seem to be the sole dstenninant of perfbntsance an 
sudi tasks; that is, the functional, i.e. actually available, M-^iace nay be 
nucii less than the structural, i.e. maxinaim, H-c^oacity. 

One factor that may bring abcut such a decrease in pcccassii^ capacity is 
an individual's susceptibility to misleading infonnatioi, a fact vMdi 
Pascual-leone accounted for by indudiiig the construct of cognitive style in 
terms of field-tfepoidfinos-ijid^jendsnoe. Cognitive style has been r^rted to 
correlate significantly vdth general prcblea solving perfonrance (Mi & Pulos, 
1989; Pules, Stage, & K^lus, 1980; K&rplus, K&rplus, 6 Wbllman, 1974; Hill & 
Redden, 1984; Niaz & lawscm, 1985) , with speed and accuracy (Rowe, 1985) , 
with the readiness to change prci>let» solving b^iaviors (Adi & Pulos, 1980) , 
and with the re-use of inadequate b^viors (atoumiere & Pulos, 1985) . 

In recent years, the M-cperator theori has been si:?)erseded by theories with 
a more differentiated view of the processes in ^jort-term mooMy (Brainerd & 
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Kii^, 1985; Baddaley, 198i; Hitch, 1984; Case, 1985) . according to these 
theories, short-tena njesnory i£5 divided into a short-tem stor^ qpace (STSS) 
and a pctxxsssing or operating space (OS) . A nuniser of studies flowed hic^ 
corralati'jns of SUSS with learning potential (Case, 1985: six srtxdies; liu, 
1981; Dananan & Case, 1S81; Bcainerd, 1981) , reading cotrpp^bsaisicn, and 
perfonnanoe on tlie SM? (Dananan & Carpenter, 1980; Daneman, 1982; Hess 5 
RadtJce, 1981). 

The pcesQTt study was designed to test how vrall the measures of the 
cxagnitive ccsrstructs of M-space, cognitive style, and short-tfina storage space 
could predict the arount of practice needai to induce saccesstol problem 
solving bdiacviors, the ability to transfer b^iaviors to different contesds, 
and the readiness to abandon vmsuocsssfUl bdiaviors. 

To test the predictive pcwars of the neo-Piagetian theories of I^scual- 
Leone (1970) and Case (1985) four instruroaits were iised. The Figural 
Intersection Test (Burtis & Pascual-Lscste, 1978; Bereiter & Scardanalia, 
1978) and the Backward-digit Span Test (Zinsnernan & H&o-Sam, 1973) were 
measures of the M oosistruct; the Qxjt?) Entiedaed Figures Test (Witkin, Oltman, 
Raskin, & Kaip, 1971) measured cognitive style; and. the Ratio Span OJest 
(Case, 1985) estimated an individual's short-tena storage space. 

Biirty-four ncm-science majors enrollei in a pfcg^ical scioioe course 
participated in the stuJy. An eigh.t-itaa test vMdi contained the recipe 
Eroblaa (Ihornton St Fuller, 1981) , Mr. Tall and Mr. Short (Ifearplus & 
Petersen, 1970) , and six juice-cdxing problens (Noelting, 1980) , was used to 
divide the sairjects into formal (two or more correct answsrs) and ncn-forroal 
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reascners (less than two ooannect answers) . An item was scored as correct only 
if both tha anssrer and the acocofjan/ing reason were c o rrect. 

Ihose 23 stutSaits *4io did not use fantal reasOTing sctoajses to solve ratio 
prctaons on a pretest took part in the training jSiase designed to help thfico 
to induce tl^ ratio scheosa. Has training ooi^isted of balance beam and 
prcfcability problesns at five levels of difficulty correspondii^ to five 
levels of develcpaait of tha ratio scheme (Nbelting, 1980; CSase, 1585) . Hha 
prcblegoB were presented by means of a cottcwter also prcrvided feedback 
regarding the subjects' answers. Ml sessions were t^pe-recorded while the 
subjects were "thinking aloud" (Ericson & Sincn, 1980) . After correctly 
answering (xasecutive five probleais, a subject preceded to the next level of 
prctolem dif ficultir. Most studaits attended two thirty minute sessions weekly 
until they ccapleted the treatajent or until they attewted a TTwytTwi^ of twelve 
sessions. 

D eoaidsnt Variables 
Aincxmt of Practioe (iKiaig) . Uie rmber of prctolem-solving schemes which 
can be co-activated siiiiultanecMsly is a function of an individual's short-tem 
storage resources (Case, 1985) . Hie rate at which subordinate prct>lea-solving 
sdiaanes can be integrated into aore ccair ' ax ones, thus, also beocsaes a 
function of the available short-term storage resources. Althou^ mathesiatical 
leamii^ models v^ch include short-tem maroory (or other individual 
characteristics) are in general non-linear (Aldridge, 1983; Anilerscai, 1983), 
there is evidence that linear learning models may be sufficient to describe 
the relaticaishjqp betws^ amount of practice and achievenesxt. In tha present 
study, the nunfcer of tria3.s subjects needed until thsy roastared a level of 
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difficulty constituted the d^sendent variable, 

Styat^. g^^<?t4ffl (OPXCg) . Individuals learning a rule firan ^jecific 
exanples, in ga«ial, will maintain their l^Tpotiissis regarding the nature of 
the rule as long as it leads to correct results. If tb& fcedbadc is negative, 
the rule will be modified so that it is consistent with past exasples 
(Anderscai, 1985) . Such a strategy requires nssnory for past items, and thus 
favors subjects with larger SISS Jieasures. Past research has also shosm 
correlaticais between field-d^pendsncje and strategy selectioi (Mi & Pulos, 
1980; Tcximiere & Pulos, 1985) . In the present stujfy, the ind^jendatt 
variables of f ield-xJqpencJence and short-tena storage ^>ace were correlated 
with OKJICE, the fraction of problems for whidi subjects saintained a 
reas<miiig strategy after positive feedback and chan^ a strategy after 
negative feedback. 

Using guidelines frm Ericson & Sinm (1980) , the transcripts were coded 
in terns of the reasoning strategies used. An initial list of strategies was 
identified during a pilot study and deemed satisfactory by botli authors. 

Transfer ability (TRftNSFffi) . ihe dichotoroous variable representing 
transfer (TRfllSEER) was coded "caie" viien a subjects transferred their 
reasoning level from the trairiing phase to the posttest v*iich eoartained novel, 
but structurally equivalent problens. TE?ftKS5ER was coded "zero« when a 
subject did not use reasaiing at a lower level than duriixf the training phase. 

ftoiitorincT the Leam ing/Ptxiblem Solvincr Process ftomoR) . Ohe freqi^ncy 
of monitoring statements such as 'I najst be going badkwards', 'I must be doing 
scanething wrong', or 'If this doesn't work then you can't add them up [wei^t 
and distance on balance preplans] • constituted the d^^«3ent variable MCNnxJR. 
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Before the treatment stuSente ware given trainincf in ttoe thinking aloud 
prooecfcire so the^r ccnLd verbalize thsir thoughts in an ongoing xnaraisr. OSie 
troabasnt ccnsistai of prcfaabiliiy and balance bem pxxblass at five levels 
(Itoelting^ 1980) vAiicii were piesaited by a raica»xcputer* Table I presents " 
the stooictute of the problems at the different levels* llhe subjects ware 
asked to raasm out loud before giving the answar to a prdblesa* Most students 
attended two to three 30 mirarte sessions per ^a^ek until they catnpleted the 
treatiaaiit or for a iDaxism of twelve sessions > 

Prttefeility Prob l gns , The subjects were shewn two boxes with ^te and 
pijik squares (Figure 1) . ihe task was to find the base \diere there was a 
greater likelihood of pulling a viiite square in a blindfolded ejqjariiaent. 



Insert Figure 1 abo^xt here 



Balance Beam Probleng > there were three types of balanoe beam probleBss 
(Figure 2) . Ohe subj^rts had to predict either a wei^t (screen 1) or a 
distance (screen 2) , with all other weights and distances given; or the 
subjects faced a situation X'^ere they had to predict the ffloveaent of the 
balance beam after it was released (sateen 3) . 



Insert Figure 2 about here 



KESUZilS 

Ihe int^ of this stuc^ was to investigate the predictive power of 
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cxxsstmcts frm two neo-Piagetian theories reganJing selected variables in the 
dfivelcjEoent of reasoning in two danaiiTS, probability and balancsa baam 
problems. In addition, the r^ults of this study also scaa to raise sgob 
questia» abcwt tha widely us^ roeasures to assess neo-Piagetian constructs. 
Accordingly, this results section is divided into three sections. Kie first 
section r^xarts on the predictive power of tha xaeasures of M-^«ce and f ield- 
depencJenoe (Pascual-Ieone, 1970) and shart-tenn storage spac& (Case, 1985) in 
the dccjain of probability prtdslens. Then, tha predictive power of the measure 
of short-tera storage sjaoa on aspects in the davelopnait of reasoning on the 
balance beam is discussed. Finally, the results of a factor analysis on the 
independait variables are presented. 
Probability ProbleitB 

In this training program, 17 of the 23 subj«±s nastered level five 
prti)leitB, i.e., the^r used strategies at level IIIB of the Piagetian 
classificati.an. Figure 3 shows the distributicm of the nuntoar of trials at 



Insert Figure 3 about here 



eadh level of problem difficulty. It is evident from Figure 3 that the 
distrifcction of the number of trials until a vroritable algorithm was induced 
expands with the difficulty level. At the same time, it should be noted that 
tlie performance of tho subjects at the different levels was not consistent. A 
subject nay have taken one or two trials at level 4 prcMeaa but 10 trials at 
level 5, vSiile another subject shewed a reverse tendency, 

Pascual-IeonQ's Ocanstructs of M~space and Field-^gpaictence . Statistical 
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analyses dxsi^ed that neither H-^os nor cognitive style, alone or in 
examination, predicted the amount of pccactioa cmAlS) needed to induce 
successful behavixars in either danain (TatHe n & HI) . Also, there existed 



Insert Table II about here 



no significant corralations bete^een cognitive style arel either the ability to 
transfer (TOfiNSFER) or the tendency to avoid unsuccessful behaviors (CH)ICE? 
Table m) . 



Insert Table III about here 



case!* 3 caonsfacuct of sh ort-term storage Space fSTSS^ . Ratio ^an (Rftno) , 
the measure of STSS, proved tx> be a successful predictor for the nuni3er of 
hypothf ises generated until students induced the product-nmsnt rule on the 
balance beam, r(17) = -.40, g < .05. RftTTO also showed hi^ correlations with 
the ability to transfer, £(22) = .46, p < .05, and the te»3ency to avoid 
unsuocxjssfUl behaviors r(23) = .60, p < .01 (Table III). 
Balantse Beam Pnobleaas 

■ae major finding in this danain was that the majority of the 23 subjects 
(18) induced the product-mataent ride (EMR) rather then the ratio rule as 
predicted by Piagetlan theories. Hie W3an nunber of trials until these 18 
subjects usfcd EMR consistently was X = 14.5, = 11.5, and a range frcni l to 
51 trials. TWO of the remaining subjects ii^Suced the ratio rule at level 3 
after 49 and 149 hypotheses, one induced tlie ratio rule after 52 trials. 
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Batio sp^ was the only neo-Piagetian variable with a significant 
cx)rrelation to the aitcurrt: of practice students needed to incSuce the product- 
TKxnent rule^ r « -*40 (TEsble IV) • Significant correlations existed between 



Insert TJable IV about here 



the measure of shorts-terra storage space, RMEIO, and the di^)endent variables of 
CHOICE (the tendency to avoid unsuooessfUl b^viors) , s « .69, p » .001, and 
W»rtTOR (the tendency to noiitor one's problem-solving activity) , r « .59, p = 
•01 (Table IV) • Ihe correlations betwe^ the foregoiiigr variables and the 
amount of practice are negative and lie between r = ^•^^ and r = -.es. 

Ratio span was also a good proctor for the strategy an irdividual used to 
do balance problans, i.e* ratio or prxx3uct-iaccea^ rule. For this analysis, 
data frcra all subjects, includii^ the fomal students, \vere used. The ratio 
^an nveans of the two strategy grxxps, 4.04 and 2.86, respectively, were 
significantly different, t(15) = 4.15, p < .001. 
Aiialysis of the Independent Variables 

The correlation matrix of the four ind^>endent variables used in this study 
shews relation^ps similar to those reported froa studies with children (Case 
& Glcberson, 1974; Collis & Rariberg, 1979). Table H reveals hi^ 
correlations between the measures of M'-qpace, FTT and BACK, x ^ .51, and 
between FTP and field^-d^xsndance (GEFT) , r = ♦ei. Ihe rceasure of short-term 
storage space, RATIO, correlated significantly with BACK, s •^^^ All other 
correlations vfere not significant. 

This matrix was analyzed by means of a principal ooitponents factor analysis 
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followed by cblique rotation. Two distinct factors eoerged with the 
measures of M-^aoa and f ield-d^>e»3enoe loading on the same factor with 
loadings of .94 and .79, re^5ectively, while RVHO and BftCK showed significant 
loadings,, .88 and .82, re^jectively, on the other factor CKOsle V). ihe 
correlation between the two factors was r = .27. 



Insert Table V about here 



mscassGDGN 

OJie results of this study prcvide answers to the followiig three questicm. 
(1) Ctoes a program whidi is constructed sudi that the normal stages of the 
develqpcent are recapitulated help students to induoe strategies suitable to 
solve probleoB at the fonnal level? (2) Do measures of the neo-Piagetian 
ocaistructs of ^t-qpace, field-dependence, and short-term storage ^oe predict 
the amount of practice needad mitil successful strategies (algoritlmis) are 
.induced as well as other aspects during the develc|inent of reasoning 
strategies? (3) Are the widely used iteasures of the neo-Piagetian constructs 
independent of each other. 

Hiis study answered the first questioi affirmatively. In both the dooains 
of probability and balance beaci, the majority of students (17 a«J 19 
reflectively) induced strategics that permitted them to solve pcdblesns at the 
formal level of reasoning, Hiei subiscts achieved this without any other 
interventit»i than siitple feedback vAiether tlieir answer was correct or 
incorrect. 'Ihese results si;?iport the contention of mastery learning advocates 
(Block, 1971; Blocm, 1971) that if students received quality instruction and 
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the leamiig time regudred there would be little or no relationship betsreen 
c^jtituda eurl eschievenent. 

The answer to the second itajor question, tije suitability of the neo- 
Piagetian construGts of Kspaaa, field-dependence, and dtiort-tetm storage 
spaoe (STSS) as predictors for various ..^>£cts in the developaent of ccoplex 
prcblQQ-solving strategies (algorithms) is negative for the iteasures of the 
first two variables, but largely positive for STSS. 

Utia results of this stud/ eo?e consistent with previous researdi using the 
sane ccsnstnicts in several respects. First, the interwxirtelations between 
thd measures of the constructs of M-spaoe, cognitive style, and STSS seeoB to 
be stable across different sanples (Niaz & Lawson, 1985; lawsan, 1985; lawson, 
1987; case, 1985; Case & Glcberson, 1974; Oollis & Rotrtoerg, 1979). Second, 
the finding that M-^aoe and cognitive style alone or in coidaination ate not 
significant predictors vdien develcproenfcal level has oeen coitiolled 
corrdboratec the results of other groijs (Niaz a lawson, 1985; ELaJce, 1978; 
lawson, 1985). 

The hi^ correlaticais between ratio ^pan and the dcperdent variables of 
amount of practice on balance problems, the tendency to avoid unsuooessftLL 
behaviors, the ability to transfer bdiaviors to new contexts, the terdency to 
monitor problem solving behavior, and the tendoicy to look for pattianis is in 
agreement with "che flndir^ of other studies. These had inUcated hi^ 
correlaticffjs with learning potential (Case, 1985: six stucSies; Liu, 1981; 
Danenan & Case, 1981; Braincrd, 1981) as well at; reading conprehensicai ax>d 
performance on the SftT (Daneman & Carpenter, 1980; Daneraan, 1982; Hess & 
Radtte, 1981), 
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it^ thixd (^i^ticsi, cscTjcsmed the widely used laeaaires of the neo- 
Piagetian cjcnstructs used in this stutfy, arose during the study when the high 
oorrelatixxis between the Group "RTihedfieci Figurets Itest (f ield-dependenoe) , 
Pigural mtersectitm Test, and Backward-digit Span Itest (both M-^aoe) becaics 
evident. A factor analysis v?as used to fird an answer 'o) this gisstion. 

OSie factor analysis of tt^ cx>rrelaticai ik trix of the cognitive variables 
suc^ests that the Figural Intersecticsi Test and the Gr<xp aifcedded Figures 
Test, vMch are used to assess two different ccxistructs, are in fact 
assessing the same underlying ability, the storing of visual ima^. ihe 
Ratio Span and Badoward-digit Span Tests load on a seccaid factor that can be 
interpreted, due to the nature of the tasks used, as a verbal coofxaisait of 
short-term mesnory. These results are in agreanent with the findiiigs of other 
teams (Case & Glcberson, 1974; CJoUis & Roiifcerg, 1979) --^nd support the 
current theories of sOwrt-tenn iRsinory (Baddeley, 1983; Hitch, 1984) vSiicii 
incorporate visuo-spatial and verbal ccwponents in their ^ort-term lasnory 
constructs. The concurrent use of tl» Errbedded Figures and Figural 
Inbpxsecticai Tests has to be cautioned. 

T3ie significance of this study for sciew^e educators lies in the 
reoogniticn of sliort-term storage qpaoe as a powerful ocxistruct. The 
presented results seem to indicate that individuals with sufficient resources 
in short-tenn storage can coordinate a variety of monitoring or pattern 
seeking behaviors in addition to the sci>eioe(s) ivsjcessary to solve the prcbloci 
at hand, ihese iDonitoring and pattern seeking bdiaviors lead to a faster 
integraticai of subordinate schones into superorxiinate schates at a higlter 
level (Figure 4)." 
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Insert Figure 4 about here 



HbQ power of the construct of SESS also lies in the fact that it is usefta 
to Oescribe the develc^jnait of r^soning as wall as the process of problean- 
solvir^ in individuals beyond the age to ;Mch davelopnantal theories are 
traditionally ajplied. In a subsequent stud^, r-hysics prdbleaaGS ware analyzed 
in terns of their SISS demand. Ooi^3Uter-ga:ierated hcaaswork programs based on 
this aiBlysis led to significant inproveiisnts in the prcblem solving ability 
of oolle^ students. A tutoring pr og ram is in the planning st^e vjhich will 
provide students with spt '*ic preps to overxxroe SISS limtaticns. 
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TABEE I 

Structure of problans and Levels of Qsgnitive 
Devcacfaent itording to Piagat and Case (Balanos Bean) 



level Structxire Sanple levels 

(Wl:w2)c3ip(d2:dl) Pccblem Pia^ Case 



1 wl=n*w2, 62=n*dX 

v;2, dl = 1 (l:2)C!i|)(2:4) HE 4.1a 

2 wl=(Hi/n)w2, d2=(itv'n)dl, 

(W2, dl) > 1 (9:6)ai?>(6:4) HB 4.1b 

3 -w2=l, d2/dl=l+l/n (2:l)cai|)(3:2) imi 4.2 

4 wl/w2=l+vn, 

d2/dl=l+l/m {4:3)CK|)(7,6) IIIA2 4.3a 

5 m/W2r=pi^/n, d2/dl=gfr/s 

in,n,r,s o l {5:7)aip{3:5) IHB 4.3b 

wl, w2, dl, d2, m, n, q, r, s = integer 
w = wei^t, d = distance 
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Table I oontlraied 
Eroblaa Structure and DsvelopDMntal Levels (Erc8>abili1y) 



Level 


Structuze 


Senile 


Levels 




(a:b) : : (c:d) 


Pcoblesa 


Piagst 


Case 


1 


a=b, c=<i 


(4:4):: (3:3) 


TTA 


4.0 


2 


sp=T±>, c=ni 










(b or d = 1) 


(1:2):: (2:4) 


IIB 


4.1a 


3 


ap'iva/tiib, (c3=ity/n)d 










{b, d = 1) 


(9:6):: (6:4) 


HB 


4.ab 


4 


b=l, c/d = 1+Vn 


(2:1):: (3:2) 




4.2 


5 


any ratio not belonging 








to levels 1-4 


(5;7)::(3:5) 


1123 


4.3 



a,b,c,d, in,n = integer 
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Table n 

Rslationsh:^ Betsreai the Nua&sr of ^rdolem and M-space vMle 
StatisticaUy Ka±iaUing cut tbs Ef fec± of 
Field Dqpentenoa (Probability) 



Model 







Bxai 


Bsduoed 


Chan^ 


Level 


N 


R2 


F 


R2 


R2 


F 


1 


20 


.092 


1.01 


.092 


.000 


0.01 


2 


20 


.079 


0.86 


.078 


.001 


0.03 


3 


20 


.050 


0.53 


.025 


.025 


0.52 


4 


20 


.134 


0.25 


.024 


.110 


2.54 


5 


X4 


.020 


0.14 


,000 


.020 


0.28 



ERIC 



21 



Pactxas in the Davelcpnent of Ksascning 

20 

Table III 

Grand OorraJ^tion lable of all Ind^Daident and Dependent Measures^ (N = 23) 

(Probability RrcblenB) 

Variable 234S678 9 10 11 



1. ECr 62^ 

2. BACK 

3. GEPT 

4. mno 

5. iSIfllS Level 1 

6. TRIAIS level 2 

7. UEOAIS Level 3 

8. TRIALS Level 4 

9. TRIMS Level 5 (N 

10. TRANSFER 

11. CHOICE 



76^ 18 -24 -21 -22 

40 51^ -21 -452 07 

10 -30 -28 -16 

-16 -27 -20 

16 14 
40 

17) 



-33 


10 


24 


09 


-22 


19 


31 


19 


-IS 


02 


05 


00 


-34 


-33 


462 


60^ 


-05 


-02 


08 


-26 


544 


21 


-32 


-A84 


75^ 


62^ 


-37 


-69^ 




37 


-49* 


-65^ 






12 


-67^ 



^ All decimals omitted 

2 E < ,05 one-tailed for directicaial hypotheses 
^ p < .01 one-tailed for directiona] hypotheses 

Vt< .05 two-tailed 
^ B < .01 two-tailed 
^ E < .001 two-tailed 
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TABLE IV 

Result of Principal Ocscponents lector Analysis 
with following C&aique Rotaticn 



Factor 

Variable j n 



KPT .94 ,27 

GEBT .79 ».o9 

BACK .05 .82 

RATIO -.14 .88 



^1,11 = .27 
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Grand Oorrelaticn Matrix DepereJoit and 
Independent Variables, (Balanoa Beam) 



Variable 


1 


2 


3 


1. STSS 








2. CHOICE 


.693 








.592 


.562 




4. TRIALS 


-.40l 


-.39 


-.63^ 



^ B < .05 

2 p < .01 

3 £5 < .001 
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FIGURE 1.' 




Which weight goes to th© arrow to maka a 
balanced beam? 




Move tho left vtelyM to make a balanced beam. 
Move left:--> Move right: 



t_^^_^ V; U h S N I ^ ^ ^ k U i« % 





DBHi 



Indicate whether the beam will balance <b), 
move right down (r), or move left down (I). 
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a e(ven) b 

In which box would you more 
likely pull a white square? 



Figure 2. Sample screen display for probabiSiiy problems. 
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10 20 30 40 50 ^eveS 

Mumber of Trials 



Figure 3. Number of trials until a worlcabie strategy was 
!nduoed at each of the five levels of problem difficulty. 
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Mode! for 

probiem-solving 

and development 



ENCODING^ 
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